Abstract.-In the moduli space of smooth and irreducible projective curves of genus g, M g , let GP g be the locus of curves that do not satisfy the Gieseker-Petri theorem and let GP 1 g,d be the subvariety of GP g formed by curves C of genus g with a |D| = g 1 d free of base points for which µ D :
is not injective. In this work we show that GP 1 g,g−2 and GP 1 g,g−3 are irreducible divisors in M g . As consequence of this results we show that GP g is a divisor for g = 8, 9, 10.
0.-Introduction
Let M g be the moduli space of smooth and irreducible projective curves of genus g.
Let C ∈ M g and let K C be the canonical bundle of C. The Gieseker-Petri theorem (see [8] , p.285) says that for every line bundle L on a general curve C ∈ M g , the (C) = ∅} has codimension at most −ρ(g, r, d) in M g (see [9] ). When ρ = −1, in [6] Eisenbud and Harris showed that Teixidor showed (see [10] , [11] ) that the locus M there exists a base point free (L, V ) ∈ G r d (C) with µ V not injective} ⊂ GP g . Eisenbud and Harris showed that when ρ(g, r, d) = 0, GP r g,d is a divisor in M g (see [5] , section 5). Following this notation, G. Farkas showed (see [7] ) that for integers g ≥ 4 and g+2 2 ≤ k ≤ g − 1, GP 1 g,k has a divisorial component. The existence of such component is obtained in an inductive step in the following sense: assuming that GP 1 g−1,k−1 has a divisorial component Z, for which a general curve C ∈ Z has a isolated base point free |D| = g 1 k−1 with µ D not injective. Consider now p ∈ C a general point and an elliptic curve E, and let X 0 =: C ∪ p E be a compact type curve. The author shows that the curves X 0 fill up a divisor on ∆ 1 and that
This component is abstract in the sense that the author describes only elements on GP
Starting with the case k ≥ 3, g = 2k − 2, the locus GP In general is not easy describe all irreducible components of GP g , instead for specific low genus we can describe the irreducible components of GP g , for example in [3] , the author use an degeneration argument to show that GP 7 is a divisor with components M Let C be a non tetragonal curve C of genus g with a primitive |D| = g : δ − 1 double points lie on a curve of degree g − 5}. In lemma 2.4 we show that for a non tetragonal curve C of genus g there is at most finitely many line bundles free of base points L ∈ W 1 g−2 (C) for which the Petri map µ L is not injective. As a consequence of proposition 2.1 and lemma 2.4 we obtain that the image of the natural morphism V 0 → M g is an irreducible codimension one component in M g , that is, if V 0 = ∅, we have that GP 1 g,g−2 is an irreducible divisor in M g . We enclose this as one of the main theorems of this work:
To show that GP 1 g,g−3 is a irreducible divisor, in lemma 2.5 we show that if C is non tetragonal and E ∈ W 1 g−2 (C) is such that has only a point p as base locus and µ E not injective, then L := E + p is a theta characteristic on C. In corollary 2.6 we obtain that there is at most finitely many E ∈ W 1 g−2 (C) as in the hypothesis of lemma 2.5 with µ E is not injective. So we obtain in proposition 2.8 that there is at most finitely many L ∈ W 1 g−3 free of base points for which µ L is not injective. Thus we have our second main theorem:
As an application of our main theorems we show in section 3 that GP g is a divisor for g = 8, 9, 10.
1.-Preliminaries 1.1. Let C be a smooth and irreducible curve of genus g, D a divisor on C and K the canonical bundle on C. We say that the linear series |D| is primitive if |D| and |K − D| are non empty and free of base points.
Proof: see ( [3] ).
We will make use of The Base point free pencil trick
Let L be an invertible sheaf on an algebraic curve C. Let F a torsion free O C − module on C. Let s 1 , s 2 sections lineary independents of H 0 (C, L). Let B the base locus of the space V generated by s 1 , s 2 . Then the kernel of the multiplication map
1.2. Let C be a smooth curve of genus g and U ⊂ M g small open neighbourhood
of the point representing C in M g . There exist a finite coverŨ of U and a scheme
We have the commutative diagram: In the next section we will to construct components GP
gives afirmative answer to the above questions. Let C ∈ M g be a non-tetragonal. We study primitive linear pencils on C of degree We denote by △ Γ the scheme of singular points of Γ and
△ is a divisor of degree 2δ. By the genus formula the lenght of (△ Γ ) = δ, i.e. △ Γ is a curvilinear scheme consisting of δ double points which can be infinitely near.
We only consider the case where all singularities of Γ are distincts.
Proposition 2.1.
(a). Let Γ be a non tetragonal plane curve of degree g and geometric genus g with only double points as singularities and f : C → Γ its normalization. Suppose that there is curve G of degree g − 5 such that the scheme theoretic intersection of G with △ Γ has lenght equal to δ − 1, i.e. f * (G) contains a divisor of degree 2δ − 2 contained in △, then C does not satisfy the Gieseker-Petri theorem. Proof: First we will show (a). I will consider the most complicated case in which the support of △ Γ = {x}. The other cases are easier and can be left to the reader.
If the support of △ Γ = {x}, then Γ has δ infinitely near double points. Let η := f * (x). η is a divisor of degree two and △ = δη. Our hypothesis means that the pullback f * G on C contains (δ − 1)η. Consider the |D| = g 1 g−2 cut out on C by the lines through x. Let ℓ 1 , ℓ 2 be general such lines, cutting out on C two effective
We show (b) as follow: Consider g
This linear system determines a birational morphism C → Γ ⊂ P 2 . By assumption Γ has only double points. Since C fails the Gieseker-Petri theorem for the g
g−2 is effective, so neccesary the g 1 g−2 is cut out by a pencil of lines through a singular point p of Γ. 
Note that this morphism has finite kernel. This implies that the subvariety
theta characteristic. So we only consider the case p = q. Using the pairing <, > of the Serre duality we have the description of the tangent space to the determinantal
. Define inside the Jacobian of C, J(C),
We have that the dimension of X 2 = 2. 
Proof.
We will show that X 1 ∩ X 2 is a finite set, where X 1 and X 2 are the subvarieties of J(C) defined in 2.3. Let L be like in the hypothesis, that is, we can assume that |L| = g 1 g−2 is cut out by lines through the node x δ of Γ with ker µ L = 0. We have that
is an isolated point and this implies that
Consider the normalization map f : C → Γ. Let f * (x δ ) = {p, q} be for some points p, q ∈ C, where p = q because x δ is a node. Since
, where ⊥ means orthogonal complement with respect to Serre duality pairing
We denote by |image µ L | the linear system determined by the
Proof of the claim. Let D ∈ |K C − L| not containing p + q, and consider D + |L| := {D + E : E ∈ |L|} ⊆ |image µ L |, then if p + q impose independent conditions to D + |L|, then p + q impose independent conditions to the linear system |image µ L |, and in this case the dimension of L (−p − q) = 3. Let ℓ be a line through the node x δ determined by p and q. Then the intersection ℓ·Γ, of ℓ with Γ, is ℓ·Γ = p+q+E ℓ , where E ℓ ∈ |L|. Since x δ is a node there exists two different lines ℓ p , ℓ q through the node such that ℓ p = 2p + q + E p , where q is not in the support of the divisor E p , and ℓ q = 2q + p + E q , with p not in the support of E q . Then E p + p ∈ |L| is the unique divisor given by the tangent line ℓ p to the branch through p not containing q. Simillary q + E q is the unique divisor given by the tangent line ℓ q thorugh the branch q not containing the point p. So we have that p + q impose independent conditions to D + |L|.
Proof of Theorem 1. We will show that π( GP Since C is non tetragonal we have that ker µ L is one dimensional, so µ L has rank five. In a small open neighbourhood U C inside the locus of non tetragonal curves containing C in M g , we have a finite coverŨ and pairs (
such that locally the Petri map is a homomorphism of vector bundles
g,g−2 , the homomorphism µ| (C ′ ,L ′ ) has rank five, and in this case the subvariety GP Proof. Since C is non tetragonal, by the base point free pencil trick we have that 
. This case was analized in proof of lemma 2.4.
Thus we may assume that p 1 , p 2 , p 3 , p 4 ∈ C are all differentes. Note also that if α is the non-zero section of H 0 (C, O C (p 2 + p 3 )) and β is the non-zero section of
Proposition 2.8. There is at most finitely many line bundles L ∈ W 
This show that if there is a infinitely many line bundles L ∈ W 1 g−3 (C) free of base points for which µ L is not injective, then there exists infinitely many line bundles E ∈ W 1 g−2 (C) each one of them with exactly one point as base locus with µ E not injective. By corollary 2.6 this is impossible, so we have the assertion.
The proof of our second main theorem is similar to the proof of theorem 1. Our second theorem says:
3.
-The Gieseker-Petri locus GP g for g = 8, 9, 10.
In this section we will show that for g = 8, 9, 10, GP g is a divisor. For this we will use our theorems and the the following result due to Castelnuovo (see proof [2, Consider the stratification of M g given by gonality: is not birational, then either Y has degree two or three, so C is either bielliptic or trigonal, in any case C ∈ M Curves of genus eight with a g 2 7 form a divisor since ρ(8, 2, 7) = −1 (see [6] ). So for this Brill-Noether number we obtain the Eisenbud-Harris component M By theorem 2 we have that for r = 1, d = 6, the locus of curves of genus nine with a |D| = g 1 6 for which µ D is not injective is the locus GP So for pencils we obtain the components M The locus of curves C with a g 2 7 has codimension≤ 3 since ρ(9, 2, 7) = −3, (see [9] ). The plane model induced by the g Let |D| = g 3 8 be free of base points on a curve C of genus nine. take a point p ∈ C and let g In this case we have that GP 9 is a divisor in M 9 with divisorial components By theorem 2 we have that the locus of 7-gonal curves C of genus ten with a |D| = g By theorem 1, the locus of curves C ∈ M 10 with a |D| = g A curve C of genus ten with a g Let C be a curve of genus ten with a |L| = g 
